Positron emission tomography/Computer tomography (PET/CT) is a multimodality imaging diagnostic technique that analyzes the uptake and retention of different radiopharmaceuticals by cells providing metabolic information on biochemical processes. PET/CT has been used for radiotherapy planning, providing useful information to the Radio-oncologist about the localization, size and metabolic activity of tumor lesions. In this paper, we show advantages of the 18F-FDG PET/CT respect to simple CT imaging for target volume delineation in patients with diagnosis of Squamous Head and Neck Carcinoma that has been scheduled to undergo a hypofractionated radiotherapy treatment. On ten studied patients, the target volume defined from PET/CT images was less extensive than those defined from simple CT images. In six patients the target volume was significantly less extensive and in two of them a new lymph node disease was reported, re-staging and corresponding target volume was also delineated with less extensive margins from PET/CT images. A greater accuracy in delineating the volumes and improving the distribution of doses in the planning of the radiant treatment in these patients was possible, allowing a high precision in the delivery of the prescribed dose to the target volume diminishing the maximum dose to the adjacent healthy tissues. In conclusion we show that the use of 18F-FDG PET/CT was superior than the simple CT as the primary modality of imaging for hypofractioned radiotherapy treatment planning in patients with Squamous Head and Neck Carcinoma.
Introduction
Squamous cell carcinoma of the head and neck (HNCC) is the sixth most common cancer with an incidence of approximately 600,000 cases per year and 300,000 deaths per year worldwide [1] [2] . In Cuba, cancer of the larynx is the fourth cause in incidence [3] . It preferentially affects male patients older than 50 years and its main risk factors are smoking and excessive alcohol consumption.
However, an epidemiological transition is currently observed due to an increased incidence of head and neck cancer associated with human papillomavirus infection. The most common histological type is squamous, covering more than 90% of cases [1] .
The use of different imaging modalities is essential for the diagnosis treatment and follow-up of patients with HNCC. Computed tomography (CT) and magnetic resonance imaging (MRI) are the conventional diagnostic techniques (CDT) that provide a structural image and allow identifying changes in size and anatomical distortion. These images modalities are often used for target volume delineation however, in case of CT images due to low contrast of soft tissues hinders target volume delineation [4] .
Positron emission tomography (PET) is a nuclear medicine imaging diagnostic technique that analyzes the uptake and retention of different radiopharmaceuticals by cells and provides metabolic information on biochemical processes.
Improve the detection of tumor lymph node infiltration and distant metastasis with respect to CDT. It allows characterizing if the structural alterations are due to the tumor, to sequels of previous treatments or to other biological processes.
Therefore, PET provides additional information which complements the CDT [5] [6] .
The treatment of these tumors contemplates different alternatives, the main ones being surgery and radiotherapy associated or not with chemotherapy and/or biological therapies, depending on the tumor stage and the functional reserve of the patient [7] . Radiotherapy has a very well established role either in the exclusive treatment or as adjuvant treatment. It offers possible benefits for allowing the cure of the patient, the preservation of organ functionality, and its cost-effectiveness. The evolution of the radiant methods from the beginning conventional radiotherapy looks for to reduce to the minimum the exposition of healthy tissue neighbor to the tumor and to maximize the dose in the tumor [8] .
The use PET/CT in HNSCC is increasingly widespread. It has been used for the radiotherapy planning, especially for unconventional treatments such as: hypofractionated radiotherapy, where the treatment time is decreased by increasing the daily dose obtaining a similar tumor response than conventional fractionation in HNSCC [9] .
The purpose of this paper is to show advantages of the 18F-FDG PET/CT respect to simple CT imaging for target volume delineation in patients with diagnosis of HNSCC that has been scheduled to undergo a hypofractionated radiotherapy treatment. 2) The patient should not be in a state or have major co-morbidity that could be expected to influence the outcome of treatment, or interfere with the assessment of treatment outcome at follow-up, or (apart from the present disease)
considerably reduce the life expectancy;
3) Patients who test positive for human immunodeficiency virus (HIV); 4) Prior surgical excision (except biopsy); 5) Planned (elective) surgery;
6) The existence of synchronous multiple malignancies (not leukoplakia) or previous history of cancer;
7) The patient must not be pregnant;
8) Socio-demographic or other factors that make it unlikely that the patient will be available for follow up of long term treatment outcome.
Target Delineation and Radiotherapy Planning
The spatial co-registered PET/CT images were transferred to Monaco radiotherapy planning system (5.11.02). The organs at risk (OAR) were delineated manually on CT images and target volumes (tumors and nodes) were delineated on both PET and CT images following the Gregory's guideline [10] . The sizes of target volume of interest (VoIs) drawn for tumor and node on both image modalities were calculated. The intra-patient absolute relative differences of VoI sizes were calculated.
The patients who fulfill the inclusion criteria described above received a hy- 
Results
As shown in Table 1 , the most frequent age group of patients included in the study was between 55 -70 years. All patients were male and 90% of them with toxic habits (cigar and alcohol) ( Table 1 ).
The most frequent site of the primary tumor was the Oropharynx (80%) and 90% of the patients were at the locally advanced stage of the disease at diagnosis III and IVA.
Impact of Target Delineation Using PET/CT Images
The metabolic images obtained with the use of the 18FDG-PET-CT when being fused with the planning CT for the radiotherapy facilitated the design of the targets volume in these patients to which they had to plan a higher dose rate daily than those in conventional treatments ( Figure 1 ).
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The variability of the target volume was evident, with relative differences of up to 33% for the GTV tumor and 94% for the nodes GTV demonstrating the limited information of the tomography studies when they are used as the only modality in the design of the same being improved with the use of the PET-CT hybrid as shown in Table 2 .
In six of the patients, the clinical-radiological diagnosis was much more extensive than the metabolic labeling and in two lymph node disease was not previously described (Figure 2 ), allowing us to re-staging them, delineating the volumes to be treated with less extensive margins and performing highly conformal treatments such as intensity modulated radiotherapy (Figure 3 ).
With the use of PET/CT we were able to obtain high precision in the delivery of radiotherapy, adjusting the prescribed dose to the target volume, decreasing the dose to adjacent healthy tissues as much as possible.
Discussion
The oncology has experienced in recent years a breakthrough in their treatments and therefore in their results. Similarly, images in general and those modalities used in oncology have also undergone a great development, being able not only to establish a morphological diagnosis, but a functional substrate, both through intrinsic properties of each tissue and the response of these to varied therapies. For example, PET corresponds to a functional image modality whose utility depends on the tracer we use. Head and neck tumors have been selected as an especially interesting model to detect the value added by PET, given the complexity of their anatomy and the presence of numerous normal structures with variable uptake intensity of FDG 18 [11] .
In theory, PET-FDG can influence the planned volume of radiotherapy International Journal of Clinical Medicine treatment and provide a dose reduction on healthy tissue. Facilitating the increase of the dose in the target volume to be treated [12] .
According to Daisne et al., the GTV delineated from 18F-FDGPET applying an adaptive signal-to-background method was significantly smaller than GTV delineated by CT or MRI. In addition, GTV-PET was the closest volume to the pathological GTV obtained from surgical specimen. On average, the PET delineated smaller volumes than CT or MRI [13] .
Data from the literature reveal an increase in detectable tumor volume (GTV)
in up to 20% of cases if PET/CT is used against CT. Numerous studies evaluate the information provided by PET-FDG in the planning of radiotherapy [14] . As it happened in two of our patients who were detected lymph node disease not previously reported.
In a recent multicentric prospective study by Leclerc et al., the primary tumor was automatically delineated on the 18F-FDG-PET images using a gradient-based method previously described by this group. They confirmed that the use of 18F-FDG-PET smaller GTV, clinical target volume and planning target volume for the primary tumor volumes compared with the use of CT, lowering the dose to organs at risk [15] as it happened in the majority of our patients.
Deniaud-Alexandre et al., in a retrospective study, confirmed that PET-CT has an impact on treatment planning and patient management. In this study, with a total of 101 patients, PET-FDG identified occult metastases in 8 patients (8%), and GTV decreased, with the fusion of PET-CT images, in 21 patients and increased in 24 patients. The reduction of GTV was >25% in 7 patients (7%) because PET-CT image fusion reduced GTV in 6 patients. The increase in GTV was >25% in 14 patients (14%) due to an increase in GTV in 11 patients [16] . 
Conclusions
18F-FDG PET/CT shows a significant impact on the management of patients with HNSCC on hypofractionated radiotherapy for target volume delineation increasing the visibility, precision in the design and planning in relation to the simple CT as primary imaging modality.
